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(54) SPIN TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a spin transistor 
which has large magnetization dependency of a drain 
current and is superior in high speed reading. 
SOLUTION: The spin transistor is provided with a source 
(S) having a spin polarization part (F1) for forming spin- 
polarized electrons, a drain (D) having magnetic 
substance (F2), and a channel (C) for introducing 
electrons from the source to the drain. A point contact 
(QP) is formed between the channel and the drain. As a 
result, a high MR ratio can be obtained so that 
magnetism detection sensitivity and reading speed can 
be remarkably improved as compared with the 
conventional ones. 
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gp^w-r-sv-xsut. 

IttjSBV-xaJfrC.luFiE K W 

[»#JS2] * Lfcm^£±j£-r-5>Xt?><I$I 

^{*JllrmEE$W»D-r*Ci:l=<ky> flJlfBV— XSflA^ 
-h®H<!:. 

TOEY— Ht«0)flM*l:i< I/*iSlS£-5-a. •SCt C:<fc US? 
[§!*Si3] ffiEXtf^fiPSSHi, P3<13tLfc5t<0^ 

^ t z tmt -tz>m*m i 2 kekwx bf > 

tt,t^-r*t*M*, -5t(DlSS^(ai~iStfi3 Lfc& <F 
e) , ^yY.>U (N i ) , Zi/Olh (Co) fc-SlWi^. 
*t £> £ -5 t> * - i: <t "f -& 1 
£fcl*2U:fB«fcOTXtf> >vX^ 0 
[!S#JK5] itfjEV— xSBli. h>*JUf£££Wf -5:: 

i:-T-S)ii*^1 *f_li2lc|HK<73xe> h^Z^X*. 

2*7cm^-**xfutT?fe*c<t$#®<fr-5iS^isi ~ 

[0001] 

[fSBJ£>|g?-££fl5#£r] *ftBJ|*. xt?>r-7>vX 

Sl^-y Kfc <!: tf\ ittRAM (MRA 

M : Magnetic Random Access Memory) fe&LMiJStSfeR 
OM (MR OM : Magnetic Read Only Memory) tti:<D 

mftmizmm*. nt&tam+teatLxm^xnmti:* 

[0 0 0 2] 



T?t,flat§iEisa>»£&*-*s<j:i;K*aj Lic^i^^-siBi 

jKtta>jj*£it. xm&itizwix. ttftcft«H*& ma- 
in Lmmn^v k < 

fflSEfl^^ K<k Ur. &*mf5.m&i%}^v K (Giant 
MagnetoResi stance effect : G M R *>» K) G>|H5SA<jI 

[0003] GMR^V KI*t*3fc<0MR (MagnetoRes i s 
tance effect) ^-y KttkSLT. fiStttgfa^b^ (M 

[0004] ^*<DKmtB^ien*i*. itf^^t* 

H>tfa- ^JM*©*^**^',) (DRAM. SRA 

El§«l#<Bfcto©^*i;!><&^fct^ ? ^vi/a^tu 

*FRAM (Ferroelectric Memory : ffiMW*^ 'J) & 

[0 0 0 5] -^"C. HSWl::»£&A*<ffl®|-|£yig 
L^I#l^tSaS> * 'J (MR AM) (Om^t^Hii^itX^ 

•5A<. -?-a>Siga)fctf)(=i**:^*MRifc$*-r*tif4fe-i. 
&-5tMt-?-^6i:MOSS h^>S?X^ i$ffl^t>t± 

[0006] 2*>izm®.tot'^*M$-£m : ?-izit'<££> 

/«tX fcf> h7>i>X^I4, fifl^li. S. Datta t>IZ<ty 
Appl. Phys. Lett., 56. (1990) p. 665(=IB^$*fC 

[*B^A<«*LJ:5 4:-r-5KS] 01 21*. ftfccDxe 

> r-7>^x^©sgs«fiesa-r^HSiaT?feys he 

(a) l4-€-©Wffi*8JS. HEI (b) li-€-<D¥S«fi£^S 

[0 0 0 7] r-5>vX*l*. V— XSCD-SB^JS 
•T3ifflSti(*F e 1 t. KH->D<D-gP^^-r!iK1±# 

•S2;^7cm ; ?**x^vt^uSPCi:. $*<D&*®dltL 

[0008] v-x«u©3ifiaEi±«: f 1 oimtismzm c 
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Ts SKttttF 2*<5$ffitt«:F 1 £ (^l Cft^l-lUb* ;»x 
f -SHb * *vt t % -Sig-Sic l*^ -v *;i>®3Sl*3&;h.K < i>. 

[0 0 0 9] -r/«t:fc>*u !ifflE1±t*F e 1 ©^bS(S](=» 
-f-SSlBttttF e 2 0»ffl5^a)^lp}I-FEC.r^A'*;um3i£ 

[0 0 10] L*^L.jSA<p>. 121 2(-ffiJ*LfcJ:5<j:«£ 
*WXlf>h ; 7>V^'5'(*. 3$»tt#F e 2 8rtbto|S]£ 

[0 0 1 1] *&BSI*. A^-SSSItoSISIKS-^-Cfc 

ufc^ <& x tr £ m? -s v — t . 

«11Mttl>Kl/'f>9i. IHEV- XSM^&lfflfBK 

161+ ktifc C t £ tt« <!: f -5,, 
[OOI 2] £fc. *SgB^(Dm2<73Xe> h^^i^X^ 

•5V-*g|J<!:. B5t£i*£*rf aKU-fVSP*. 

t. fllE-ir— hmfii»©ttl-<U r +ia5*#^-5 

-r>h=]>$? hfiWf&tti&z. t&mt-t&o 
[ooi 3] _biemi &ifmz(D h^yvz-fommz 

MRtbtfis&fu ft** y t«ft«mffifi-v>ss»aj La 

[0 0 14] JSfe^Ct. r^>h3^^hj t 
<J>i$l$MWL & -S 1 M* J*IT V & S t to t * -5. 

[0015] mis. *-v*;ua?A<¥titti=<fcyff*jiK;* 

*U -tCD^aitt^^fclt^m^tO^^I OnmOi^ 

[0 0 16] £f=. ±153520)* tf>H ^ >y^5©« 
^-hSfii^tox-r^ciiir^yjiliaogSI^ 
«I&/-K-f h£JBU£-r-SC 
[0 0 1 7] £fc. fillfB^ei/iifiiSUli, R<13tL.fc3t 



[0 0 18] £fc. fltlIBxe>lifilSB&i;filEfiBitt«;(75 
'PU<t^ l^-f ftrtWi. -5£©$SJI:Sftl::iBl6i Lfc& 
(F e) , -y*r)\, (N i ) . Z3/<;U h (Co) fc&l^ 

<b*<©£l=*§6>:h.. SlMviRtbtf^ib*!.. ®&*<K<. 
[ooi 9] f-fc. tijfEV-xSPIi. h^^S^S^ 

«a* * * & (=■ < t a w t tfsjtt t tt •&«, 

[00 2 0] £fc. lftfExe^iia^&lrtflSBffittftto 
< ito-T^AM*. Ib^ffite^ttA^fc-Stto 
t-T^tl*. ^**;u^fc££^1-£¥^<*B.!:to&£' 
ttA<fi<. xe$*v^J*gfc<t*4>S^££&fcto 

[002 1 ] £fc. «aiB^-V^USPI*. *»*M>I=»« 
$tL^.2;*5tm : f : *r^^illE-Cfc-S : fe.<D«!:-r^l*. 

¥^TIf-2>Ci:7!»<r-#-&. *»IS#0)^ft©^m. 131 
2(=fi>J^Lf=fitJl5CD^tf>h i 7^^5'l=fc^-C. fflHb 
©^(SlOBE^blzff 5 K U-f >mSK<0^^A^$ t^llEg i: 

[0022] *-rm 1 otshis. ^bcoisi#i=fic#-r* 

I^J # L A" *;US15 C rofgtal-tb« LT ^ * 

tafifi <!: 1= <t -o h A<. ^#1* V— -V ^-VUfc «»: 

iff- -v ^--/u/ k u-f ^rsnm-mt&tfit f- -v *^sp©«tft 
a>fo(^/«c r y ssfiStttt: f 2 m^b© isj # [ztm? & o 

[0 0 2 3]^*,. Ku-f^m3Srowb*iSj«c#14 

($?©MR (Magneto-resistance) tb) $ii^:S-t±-5) 

[0 0 2 4] m+OMRtttffrZl^ZOmmit. I^ffi 
«t^;<D^b*|pJ«c#14•?-<Dt<DA</^*t^Ci:T-fc«)o 1* 

or. •|5J^,A^cD^Kl-J:y. m<b^isi«c#i4^ii*$-ti- 

[0 0 2 5] g3ffliail V-^fef-V^UcaA 

tot. <pi&*>©^j£r^ xe>«ei^<DS 

J: y M R J± * S5 to •& C t £ -5 . 
[0 0 2 6] Ja±CD5t^tolKS. **BJ#|*. ^-^t^U 
/KM >}g ^Si5lC##t*:/^)SS^^ £» /cC * TtK-T > 
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ssyi»< ct(=asiLfc. 

[0 0 2 7] MRttA<'h*l*»3<0M**ife*" 

U Kit h>*m«±m«fcT»iWli: 

[0028] ant *«w<Djiii6a>^ttfz^*xe 
mm (a) i*-to>»ffi«ia, rb (b) it*<D¥-m 

[0 0 2 9] #&BJ(7) h^>vX£l4. V-XS(D-S 

[0 0 3O] v— xsi=»it6*Lfcxe>«a«F 1 

[003 1 ] V— XS^feft^flCAtDxe^fig 
lc&AS*i*p -fLt. KU-f>D(l!)-Mi*t4!l 

«tt<*> 2a<xe>««i»F i fcni:Ri*rrflMt$*ir 

[0 0 3 2] «£- Lt, *SSP^a)h^>yx5r(D«^ T 

p*<»j*a*iTi*«. st^rr/m^** kqpi*. ottt 

vX^OD*^ KU-f >D©-SP*»«-r*3t»tt#F 

■v *JUSP c €> Si^ £ ^ A £ <fc 3 f-t" 
[0033] wt. **?aa)feit* rjp-f >ha>^^7 
kj <7>M^rco^T£ri&B.E'r£o 

[0 0 3 4] H2I4. ttttf*lZ*y«J«**lfc#-<> h 
[0 0 3 5] CO«?lt ±TO»ttt«1 1 0, 12 



o<OB(c<o:*i»N*t,o2iB^*^-c*y. ±T1SI 
a>«<b0>fl«Nc*yStttf*fc*-*. *tt©*4b*£L 
r»i oo%i:t^ : 5^t?«)•c^^^^^l^c^r*^cg[^ 

aflEa><of*i»N*ft«i-r*cfc26«ifi«t4*. &js* 

-So 1 

[0036] fcte* C<Dcfc5fc^> h=J>*^ h3t?- 
£Bfl5FLfc*0>i LTI4* 2OC0^«(D-^^r;U (N 

N. Garcia, M. Munoz, and Y. -W. Zhao, Physical Rev 
iew Letters, vol.82, p2923 (1999) fccfclM J- Ver 
sluijs, M. A. Bari and J. M. D. Coey, Physical Re 
view Letters, vol.87,p26601 -1 (2001 ) fcgg^^tt 

[0 0 3 7] SIXH1 lzMoTRBj|£Mi**£. C<D£ 
•5^tK-T > h=»>^^ hQP£Xtf> h^>^X^lZlS 

F2«fta>iRj*l-**«jKK<b*JllH»r-**< U B 
[0 0 3 8] > h=i>^^ hQPli. MAtf. 
ic*y*a-e*«. -ra*fc* hi (b) cd^-v*ju» 

[0 0 3 9] C(Dcfc5fty— h««Grcy-h«£E*BI 

GcD^IK^z^J^;L^Mli^^cfct^rs^bfc^l^liJR^< 

<g*»1 OnmilT?J:l>. CO* 5**-f X0>. 
[0040] tK-O h=l>$£ hQ PI*. ^-V* 

ti*S1"«ct*<r-#4 0 Will ^^*;i/»ctay 
34#»#iSx^f>yLtBi (b) (D^-v*ju§p 

[004 1 ] fc«|LM4. *«W*JBlc^S1SftS**a«? 
ttfz&A-racifCcfcy. HI (b) 0)^-v ^UfflC <D 
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fit. ft. ai;*a>tt#aa)7c***»i*»»r=*6i:ra 

L T c £ 7b< r* # * o 
[0 0 4 2] ^BJfCcfcfrfS. ***;u«c£ KU^f> 

<t*lRlflc#te (MRtt) ^^SIWI^^^C^^T^ 
[0043] C<Dcfc^^^e> h^>i/X^ ^ffil^Tia 

[0 0 4 4] «iLtf. XtfVfiUlSPFI il/CJBl**a 

sKStti^tlcfcy. /<-f:J-y-a — KSt^atrci 

GlcRtfofc?— K«WLfz«EE£En*DLT h^>i?X 
(ON) ttllzU fcf^ h«BL*SS*i*KU 
-f c fc lc «fc U &mi±<* F 2 at4bO)i4« 

[0 0 4 5] Btt h fflt*«*©M RAM 

[0 0 4 6] L*** *«EI=«fc*U** Xe>h7>y 
X * <D3ifl£tt# F 2 RfcO) A # 1= ^ * MUMt *<X £ 

[0047] KU-f >«StO>»<b*lRl«fftt (M 

0)Xe>iH$fCtttSt^o ft (Fe) . 

0%?Ig-C-&£ o 

[oo4 8] j:y»i**e>«a*a>«*s&Ar*fc 

friz. *ftH4>— Mfc£i*-Ctt« V— XS|c<b£«a¥ 

Haa*B»r*ciic < fcy<b*a¥» 
*i*ai::wi*x£>aa*a>«T*Bieu 
^*^»cf=aA-rftctizj:y*^a>MRtt*s&i= 

[0 0 4 9] Sfc. v-xsi:Hth>*JWftSBi^ 

scii^ot, «fcyxtr>iia*o*L^«^s^^* 

JUd&AU MRttSS«)4Ct4<T?t4. 

[0 0 5 0] «*#xfcr>«**«*#ri::v- 



fcitaaasffliwratfj*****. ca>a**&i*. * 
v*;uspci*. t^*^2;*7tm : i L ^x^<^$*i^>^ 
fr**fcrc&*<a*Li\, 
[0051] £fc, xhT>«a*Fiai;F2a)*t»t 

LTf*. «(Fe), ^/^h (Co) . --/^U (N 
i) tt£4>J|L{t. *fcl*. ft (Fe) % aAiUh (C 
o) . = (Ni)^DA(Cr) 

WMl* N i F e S^fc. C o N b 2 r 

F e T a C^-&&, C o T a Z r F e A I 

S i H 3R** % F e B^^3fe. C o F e B£<frfttt£a>* 
«tt*T*k 7tW X^— ^^C r 0 2 * Fe30 4 . L 
a i_xS r X Mn0 3 ^^A- ? ;* £ ;U&1£tt£ffl 

[0 0 5 2] 

M&fl] JUT. Loo*«BB(0*a©» 

[0053] (»i aaaa) sr. *^Bj(7)m i o>a 

ifc#J£ LT. Si -MOS (Metal-Oxide- 

Semiconductor) t^Uit^X tf> 

[0 0 5 4] 041*. :£iiS£0!l(DX tT> h7>v^^ 

»««***rascHT?**. na (•> i* 

■^o>^f®«iS. na (b> a*«>3Hii*A***i-?*ia 
r c 

[oo 5 5] *aa«f=fct^ri*. pa->ya>*ai 
oo±ccy— n6a»2osait. hGi=«EE*w 

»or^>i:iI(7)ETIwSeiSl 27b^^c$ti*MOS h7 

[0056] v— xssi/Ku-r^Djctt. t^rixtJ* 

*2 00nm(D» (Fe) ^b4 % 4MlllFK F2 
Si*8tt*tft4^'Jv^'7^>II rMn**& 

o>«a»*rc*y. ma0>ftBMO)*mf;:B«£i*T^ 
^>o Ku^f>D©a!«tt#BF 20>Wbttn«8 
*(c«tyai*3"CBar«cfc3W-e#*. 

[0 0 5 7] C©h7>vX^Oft^Hl*1/im % 
^■V*^UttC*5/imT?*y. y-hiM2 0^Lt 
(A I ) y-h««G3ft<»fll**irL\*. 
[0 0 5 8] y-hlffiG«t!t $g5Onm0)<t/ 

jE«E*H«Hir«t. ^— h«aG<DltTf^^*JU« 

rea*< k u-r > d set^r *k«14*h f 2 tomtom 
$iz&ymffz>o 

[0059] n¥<Dfcmm<nm^<ifHUGP£}fcti 
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[0060] &tz. *mmm<Dh^>i>x*v\t. 

[006 1 ] i5 (a) I*. *mmm<D h^>V>X£tf> 

Ku*T>ma-y-h®E ( i d-v G ) 

2©K<btfV-*SflE>B»tt*F 1 <Dfl&lbK*tLT¥fr* 

[0 0 6 2] Z<D<?^7frt>ftfrZ>£ol^ V— hWE 
*<HfiimEE (Vt-O. 12V) £fia.«± KU-f >« 
a^aHxttCib. m<b<7>ft#l::££®aa>^b (mr 

it) ttfil 2%T*fcot- 0 
[0 0 6 3] El 5 (b) I*. KU-f >S 

je ( i d-v d ) ftfezm-ftr^ymx-ibZo cct\ 

hSJEV G J*"l VlC@SLf-o 1215 (a) £ 

X S0!>5aOt14(* F 1 0>flBHbl^» Lt?ffft«^ 

[0064] t°>5 1 7|-^mffiVp = VG-VT^Tr* 
II @5 (a) tmmzmi 2<X><DMRtttfm*>tlX^ 

U*f >m3fcfi F 2 a)«51b^lS3lc«c# Lt£<t£%>Zt *<tB 

[0 0 6 5] v D ^vpja-h<ota?fl^T*ri^-v*;u/ 

[0 0 6 6] *H«S«ic»-r«ltKffll4: LT. 

h^flGtf>J&tt£iai (b) a)ftI<JR3t»«ttt1i-r. 
m^O h ? > i> x * £ S« ic ? -v *ju¥»{*JB Jifc^ 

[0 0 6 7] ZCDJt&flJtf) h7>V^^fl)iilElt 
AfZiflfcLfc. CO^T^MRJtttJKjO. 5%<tfiitor 

[0068] ^ut>%. f-vnm^%^--^ j fir 

Cilery. MR^^*«ISlc^<-r«>ci:*<t?#^)Ci: 

[0069] (m 2 OSlffl) *£PJ3<DSg 2 

SS0»JtLr, nSlnAIAs/lnGaAsHSi 



[0 0 7 0] 06 I*. *HI£#JCD;*tf> h7>V^^ 

*<DBfHflML nn (b) i**©™*****,*^* 

"To 

[00 7 1 ] **16«!ircfct\r I*. I nGaAs!30 
I n A I A s S 4 0 £KH\ I nAIAs/l n 
G a A s^7 L Pg'&^®|C^iS$*l^)2^7cm : ?-^3 0 

[0 0 7 2] >f— h«aG(D'y--rXj3J:i;»tttt. n 
SMfc«iW»fcLfc*«. KM >D<DMMt*F 2 1*. 
I n G a A s I 3 0 (D±CX *v t J^I Lfco & 

tttttt F 2 <&Blg*® fc<fc It* * tt LfcaSBOH* 
ffilMMt* (ooDBtttotl>5. 

[0073] *ns£0yoxtf> h^>i>x^ii. mm 

««©h7>9x*tH«i:, &ffitt#F 2<7>&<(b<7>Jp] 

MRtt*<«a<S*ifco *SU6«(zj3t^-C«1 jlJfiffilfcJt 
R LT**4M RJtA<»f>*t/=Sfi(*IUT© <fc 5 

[0 0 7 4] h^>S*X*©MRJtl** ¥^ 

ft (?**JI0 /Wtttt (F2) JlWOJIWtttttflttt 

tt#F2<o»<b*rrti«=«#-r*fctoic*i:*^ «<b* 
ftictt^-r us lis® saia^- *«^a>asa**<«?- 

[007 5] /<>K«WSii-»ic. ^g;ur>!/->t 
i»tf#i*attffiiKia>*-eaa**t. «5ttfFoo>isa* 
* [001] ^fticMtrmTfi^UJUT^V— ><da$ 

cfc 5 dlB^T-IBSE $ *i £<> 
[0 0 7 6] m7izmLtz*0\Z\ fifc (Fe) K 

A2, A2' % A5<DStrf^^tt^^ort^^o — I n 
GaAsf^^Ut* [00 1] *fi)fzat?«T-a>/^> 

Kr0l*m^(iSS*$ti-ri^5it;c<»:^r*^^cD^ [oo 
i] *fii(w5it;T^^xtf>re^tt*»«: (^^*;u) 
/ais* (F2) »is«aa a e««^ 

[0 0 7 7] -Ttttp* [ooi] ^no^HMc (*-^* 
;u) /atti* (F2) »u»!ii*xtf>fc#tt*t»*', 
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